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(54) Hybrid drivetrain for a vehicle 

(57) A four-element, two-freedom-degree planetary 
gear mechanism is constructed by arraying four input/ 
output elements of a sun gear S 1 , a ring gear R , a carrier 
C and a sun gear 82 in an alignment chart. One of the 
two elements R and C arrayed on the inner side is as- 
signed to the input In from an engine whereas the other 



is assigned to the output Out to the drive shaft, and the 
two outer elements 81 and 82 are connected to motor- 
generators MGi and MGo respectively. As a result, the 
torque supported by the motor-generators can be made 
lower than the engine output, and the energy passing 
through the motor-generators is made lower to improve 
the transmission efficiency of the drivetrain. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to a drivetrain for 
a hybrid vehicle including an engine and a motor and, 
more particularly, to a dhvetrain which performs a con- 
tinuously variable speed change by a differential mech- 
anism such as a planetary gear mechanism. 

BACKGROUND OF THE INVENTION 

[0002] JP2000-142146A published by the Japanese 
Patent Office in 2000 discloses a drivetrain for a hybrid 
vehicle which is constructed by connecting a generator, 
an engine and a motor for driving a vehicle to a sun gear, 
a planetary carrier and a ring gear of a planetary gear 
mechanism. According to this drivetrain, the continu- 
ously variable speed change and the Increase or de- 
crease of the output torque can be performed by using 
the differential function of the gears to distribute the en- 
gine output partially to the generator and supplying the 
generated electric power to the motor. 

SUMMARY OF THE INVENTION 

[0003] In the above drivetrain using the three-compo- 
nent planetary gear mechanism, a large generator and 
a motor are required since it is difficult to increase the 
energy passing through the planetary gears due to me- 
chanical restrictions, if the energy passing through the 
generator and the motor is high, the transmission effi- 
ciency of the drivetrain decreases. 
[0004] The electric energy generated by the genera- 
tor is supplied through a converter and an inverter to the 
motor so that it is converted into mechanical energy. The 
energy transmission realized by the conversion be- 
tween the electric energy and the mechanical energy 
displays considerably lower efficiency than a mechani- 
cal transmission by the gears or the like. In other words, 
the drivetrain displays lower transmission efficiency as 
the ratio of the energy passing through the generator 
and the motor increases. 

[O0O5] It is therefore an object of this invention to im- 
prove the transmission efficiency of the drivetrain by dis- 
tributing the motive power by a differential mechanism 
having at least four elements and to increase the energy 
mechanically transmitted from an engine to a drive 
shaft. 

[0006] In order to achieve above object, this invention 
provides a drivetrain for transmitting driving force from 
an engine to a drive shaft of a vehicle, comprising a com- 
posite planetary gear mechanism including first to fourth 
rotational elements arrayed on an alignment chart, the 
first rotational element being connected to an output 
shaft of the engine and the second rotational element 
being connected to the drive shaft, a first motor-gener- 
ator connected to the third rotational element, and a sec- 



2 

ond motor-generator connected to the fourth rotational 
element, the second motor-generator being arranged 
coaxialty with the first motor-generator. 
[0007] The details as well as other features and ad- 
5 vantages of this invention are set forth in the remainder 
of the specification and are shown in the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 

[0008] Rg. 1 A is a schematic construction diagram of 
a first embodiment of the present invention and Fig. IB 
is its alignment chart. 

[0009] Rg. 2A is a schematic construction diagram of 
IS the second embodiment of the present invention and 
Fig. 2B is its alignment chart. 

[0010] Rg. 3A is a schematic construction diagram of 
the third embodiment of the present Invention and Rg. 
3B is its alignmenl chart. 
20 [001 1 ] Fig. 4A is a schematic construction diagram of 
the fourth embodiment of the present invention and Fig. 
4B is its alignment chart. 

[0012] Fig. 5 A is a schematic construction diagram of 
the fifth embodiment of the present invention and Fig. 
5B is its alignment chart. 
[001 3] Rg. 6A is a schematic construction diagram of 
the sixth embodiment of the present invention and Fig. 
6B is Its alignment chart. 

[0014] Rg. 7 A is a schematic construction diagram of 
30 the seventh embodiment of the present invention and 
Fig. 7B is its alignment chart. 

[001 5] Fig. 8A is a schematic construction diagram of 
the eighth embodiment of the present invention and Fig. 
8B is its alignment chart. 
35 [0016] Fig. 9A is a schematic construction diagram of 
the ninth embodiment of the present invention and Fig. 
9B is Its alignment chart. 

[0017] . Fig. 1 0A is a schematic construction diagram 

of the tenth embodiment of the present invention and 
^ Fig. 10B is its alignment chart. 

[0018] Fig. 11 A is a schematic construction diagram 

of the eleventh embodiment of the present invention and 

Fig. 11B is Its alignment chart. 

[0019] Fig. 12A is a schematic construction diagram 
45 of the twelfth embodiment of the present Invention and 

Fig. 12B is its alignment chart. 

[0020] Fig. 1 3A is a schematic construction diagram 

of the thirteenth embodiment of the present invention 

and Fig. 13B is its alignment chart. 
50 [0021] Fig. 14A is a schematic construction diagram 

of the fourteenth embodiment of the present invention 

and Fig. 14B is its alignment chart. 

[0022] Fig. 15A is a schematic construction diagram 

of the fifteenth embodiment of the present invention and 
55 Fig. 1 58 is Its alignment chart. 

[0023] Fig. 1 6A is a schematic construction diagram 

of the sixteenth embodiment of the present invention 

and Fig. 16B is its alignment chart. 
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[0024] Fig. 1 7A is a schematic construction diagram 
of the seventeenth embodiment of the present invention 
and Fig. 1 7B Is its alignment chart. 
[0025] Fig. 18A is a schematic construction diagram 
of the eighteenth embodiment of the present invention 
and Fig. 18B is its alignment chart. 
[0026] Fig. 19A is a schematic construction diagram 
of the nineteenth embodiment of the present invention 
and Fig. 19B is its alignment chart. 
[0027] Fig. 20A Is a schematic construction diagram 
of the twentieth embodiment of the present invention 
and Fig. 208 is its alignment chart. 
[0028] Fig. 21 A is a schematic cbnstruction diagram 
of the twenty-first embodiment of the present invention 
and Fig. 21 B is its alignment chart. 
[0029] Fig. 22A Is a schematic construction diagram 
of the twenty-second embodiment of the present Inven- 
tion and Fig. 22B is its alignment chart. 
[0030] Fig. 23A is a schematic construction diagram 
of the twenty-third embodiment of the present invention 
and Fig. 23B is its alignment chart. 
[0031] Fig. 24A is a schematic construction diagram 
of the twenty-fourth embodiment of the present inven- 
tion and Fig. 24B is its alignment chart. 
[0032] Fig. 25A is a schematic construction diagram 
of the twenty-fifth embodiment of the present invention 
and Fig. 25B is its alignment chart. 
[0033] Figs. 26A-260 are explanatory diagrams for 
explaining the concept of the present invention. 
[0034] Fig. 27 is a characteristic diagram illustrating 
the relation between the output sharing ratio of motor- 
generators and the speed ratio. 

[0035] Fig. 28 is a characteristic diagram illustrating 
the relation .between the output sharing ratio of the mo- 
tor-generators and the vehicle speed. 

DESCRIPTION OF THE PREFERRED 

[0036] With reference to the accompanying drawings, 
embodiments in which the present invention is applied 
to a drivetrain for a front-wheel drive vehicle will be de- 
scribed. Figs. 1 A and 1B and succeeding figures show 
the schematic constructions and their alignment charts 
of different embodiments. Firstly, the embodiment of 
Figs 1A and 1B will be described in detail with respect 
to its construction, and the remaining embodiments will 
be described only with respect to points of difference. 
The common members among these embodiments will 
be designated by common reference numerals. 

[Rgs. 1A and IB: Embodiment 1] 

[0037] In Figs. 1A and IB, reference letters Hm des- 
ignate a motor housing, Ct a transmission casing, He a 
clutch housing, and Ha an axle housing. The clutch 
housing He is provided with a clutch CL for coupling or 
decoupling an output shaft Je of an engine Eg and a 



transmission input shaft Jrl . A single-pinion planetary 
gear train PI and a double-pinion planetary gear train 
P2 are connected to share their ring gears R and carriers 
C (composite planetary gear mechanism) and are 
housed in the casing Ct. The input shaft Jrl , to which 
the clutch CL is connected, is the ring gear shaft of the 
planetary gear train P1 . The input shaft Jr1 is equipped 
with a one-way clutch CLo for preventing the reverse 
rotation of the engine Eg. Here, in the reference numer- 
ic als designating the components of the planetary gear 
trains PI and P2, the suffix numeral 1 designates the 
components of the first planetary gear train PI , and the 
suffix numeral 2 designates the components of the sec- 
ond planetary gear train P2. Moreover, the planetary 
'5 gear train P2 of the double pinion type is expressed (as 
in the following construction diagrams) in diagrams ex- 
panded conveniently in a section extending through the 
two pinion shafts. 

[0038] In the motor housing Hm, there are coaxially 

^ supported an inner rotor Rmi and an annular outer rotor 
Rmo, by which compact electric machines are con- 
structed to act as two motor-generators MGi and MGo. 
Between the inner and outer-rotors Rmi and Rmo, there 
is interposed an annular coil Cm, by which the rotors 

^5 Rmi and Rmo can be respectively actuated as a gener- 
ator or motor. An inner rotor shaft Jmi is connected to a 
sun gear S1 of the planetary gear train PI through a 
hollow outer rotor shaft Jmo. and the outer rotor shaft 
Jmo is connected to a sun gear S2 of the planetary gear 

30 train P2. Letters Ssi and Sso in Fig. 1A designate rota- 
tion speed sensors for detecting the rotation speeds of 
the inner rotor shaft Jmi and the outer rotor shaft Jmo 
respectively. Here, in the reference numerals designat- 
ing the components of the motor-generators MGi and 

35 MGo, the suffix letter i designates the components of 
the first motor-generator MGi. and the suffix letter o des- 
ignates the components of the second motor-generator 
MGo. 

[0039] The axle housing Ha is connected to the side 
"^0 face of the transmission casing Ct. In the axle housing 
Ha, a final reduction mechanism Fin and a drive shaft 
Drv are supported in parallel with the planetary gear 
trains P1 and P2. The rotation of the carrier C is trans- 
mitted to the final reduction mechanism Fin through a 
^5 reduction gear Rg. In this case, a carrier shaft Jc Is an 
output shaft connected to the drive shaft Drv via the final 
reduction mechanism Fin. 

[0040] A ring gear R3 which is supported coaxially 
with the ring gear R of the planetary gear train PI mesh- 
so es with inner pinions pi meshing with the sun gear S2 
and outer pinions po of the planetary gear train P2. A 
brake B for braking the rotation of the ring gear R3 is 
mounted in the casing Ct. 

[0041] In the alignment chart of Fig 1 B, reference let- 
55 ters EV designate characteristics while running only by 
the motor-generators MGi and MGo, START character- 
istics at the starting time with the brake B being applied. 
MAX characteristics at the maximum vehicle speed, and 
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REV characteristics while reverse running. Moreover, 
reference letters Out designate the output to the drive 
shaft Drv, and letters In designate the input from the en- 
gine Eg. 

[0042] In this embodiment, by providing the clutch CL, 
the vehicle can be driven only by the motor-generators 
MGt and MGo by decoupling the engine Eg under the 
condition in which the engine Eg is frictional. 
[0043] Moreover, since these two motor-generators 
MGi and MGo are coaxialty arranged to enable more 
compact construction, the drivetrain can be downsized 
in order to improve its weight and mountability on the 
vehicle. 

[0044] Further, since the ratio of the output rotation 
speed relative to the input rotation speed Increases 
when the brake B is applied as illustrated in Fig. IB, I. 
e.. a large speed ratio can be obtained, the targe torque 
can be generated, to Improve the driving force and the 
starting performance from a stationary state. 

[Figs. 2A and 2B: Embodiment 2] 

[0045] The differences from the construction of Figs. 
1 A reside in that the clutch CL and the brake B are omit- 
ted, in that the planetary gear train P1 having the sun 
gear S1 connected to the inner rotor shaft Jmi is a dou- 
ble-pinion typewhereasthe planetary gear train P2 hav- 
ing the sun. gear S2 connected to the outer rotor shaft 
Jmo is a single-pinion type, In that the carrier shaft Jc is 
the input shaft connected to the engine Eg, and in that 
the ring gear R is connected to the final reduction mech- 
anism Fin through the reduction gear Rg. Here, letters 
Fw in Fig. 2A designate a flywheel of the engine Eg. 

[Figs. 3A and 38: Embodiment 3] 

[0046] The differences from the construction of Fig. 
1 A reside in that the clutch CL and the brake B are omit- 
ted, and In that the motor-generators MGI and MGo 
which have a large weight and rotate at high speed are 
arranged between the engine Eg and the planetary gear 
trains P1 and P2 to reduce vibrations from the motor- 
generators MGi and MGo. The rotor shaft Jmo of the 
motor-generator MGo is folded back on the engine side 
and is connected to the sun gear S2 of the planetary 
gear train P2 through the hollow inner rotor shaft Jmi. 

[Figs. 4A and 48: Embodiment 4] 

[0047] Contrary to the Embodiment as shown In Fig. 
3A, the coupling portion between the ring gear R and 
the reduction gear Rg is disposed on the motor-gener- 
ator side to reduce the size of the drivetrain more. 

[Figs. 5A and 58: Embodiment 5) 

[0048] The clutch CL is added to the construction of 
Fig. 2A. 
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[Figs. 6A and 68: Embodiment 6] 

[0049] The differences from the construction of Fig. 
1 A reside in that the brake B is omitted, and in that the 
5 carrier shaft Jc is the input shaft connected to the engine 
output shaft Je via the clutch CL whereas the ring gear 
shaft Jr is connected as the output shaft to the final re- 
duction mechanism Fin via the reduction gear Rg. 



[0050] The difference from the construction of Fig. 2A 
resides in that the ring gear shaft Jr is the input shaft 
connected to the engine output shaft Je via the clutch 
^5 CL whereas the carrier shaft Jc is the output shaft con- 
nected to the final reduction mechanism Fin via the re- 
duction gear Rg. 

[Figs. 8A and 88: Embodiment 8] 

20 

[0051 1 The difference from the construction of Fig. 7A 
resides in that the planetary gear train P1 is a single- 
pinion type whereas the planetary geartrain P2 is a dou- 
ble-pinion type. 

25 

[Fig. gA and 98: Embodiment 9] 

[0052] The differences from the construction of Fig. 
8A reside in that the planetary gear trains P1 and P2 are 

30 a single-pinion type, in that the carrier CI of the plane- 
tary gear train P1 and the ring gear R2 of the planetary 
gear train P2 are connected whereas the ring gear R1 
of the planetary gear train P1 and the carrier C2 of the 
planetary gear train P2 are connected, and in that the 

35 carrier shaft Jc1 of the planetary gear train P1 is the In- 
put shaft connected to the engine Eg whereas the carrier 
shaft Jc2 of the planetary gear train P2 is the output shaft 
connected to the final reduction mechanism Fin. 



[0053] The differences from the construction of Fig. 
8A reside in that the planetary gear trains PI and P2 are 
a single-pinion type, and In that a common sun gear S 
is connected to the rotor shaft Jmi of the motor-genera- 
tor MGi whereas the carrier shaft Jc of the common car- 
rier C is the input shaft connected to the engine Eg. 
Moreover, the ring gear shaft Jr2 of the planetary gear 
train P2 Is connected to the rotor shaft Jmo of the motor- 
50 generator MGo whereas the ring gear shaft Jr1 of the 
planetary gear train P1 is connected to the final reduc- 
tion mechanism Fin via the reduction gear Rg. 

[Figs. 11 A and 118: Embodiment 11] 

55 

[0054] The differences from the construction of Fig. 
1 0A reside In that the ring gear shaft Jr1 of the planetary 
geartrain PI is connected to the engine Eg. and in that 
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the common carrier shaft Jc of the planetary gear trains 
P1 and P2 is the output shaft connected to the final re- 
duction mechanlsnn Fin via the reduction gear Rg. 

[Rgs. 12A and 12B: Embodiment 12] 

[0055] The differences from the construction of Fig. 
7A reside in that the planetary gear trains P1 and P2 are 
a single-pinion type, and in that the common ring gear 
R is connected to the outer rotor shaft Jmo whereas the 
carrier shaft Jc of the common carrier C is connected to 
the final reduction mechanism Fin via the reduction gear 
Rg. Moreover, the tooth number ratio between the pinion 
p1 and the sun gear S1 of the planetary gear train P1 
and the tooth number ratio of the pinion p2 and the sun 
gear S2 of the planetary gear train P2 are made differ- 
ent, the pinions p1 and p2 rotate Integrally, and the sun 
gear shaft Js1 of the planetary gear train P1 is the input 
shaft connected to the engine Eg via the clutch CL 
whereas the sun gear shaft Js2 of the planetary gear 
train P2 is connected to the inner rotor shaft Jmi. 

[Rgs. 13A and 13B: Embodiment 13] 

[0056] The differences from the construction of Fig. 
2A reside in that the ring gear R3 meshes with the inner 
pinions pi of the planetary gear train P1, and In that the 
bralce B brakes the ring gear R3. 

[Figs. 14A and 14B: Embodiment 14] 

[0057] The differences from the construction of Fig. 
8A reside in that the ring gear R3 meshes with the inner 
pinions pi of the planetary gear train P2, and in that the 
brake B brakes the ring gear R3. 

[Rgs. 15A and 15B: Embodiment 15] 

[0058] The difference from the construction of Fig, 
14A resides in that the sun gear shaft Jsl of the plane- 
tary gear train P1 is connected to the outer rotor shaft 
Jmo whereas the sun gear shaft Js2 of the P2 is con- 
nected to the inner rotor shaft Jmi. 

[Rgs. 1 6A and 1 6B: Embodiment 1 6) 

[0059] The differences from the constructton of Fig. 
13A reside in that the inner pinions pi of the planetary 
gear train P1 is shaped to have a small diameter and a 
tooth face split across the sun gear S2, the ring gear R3 
having no axial overlap with the outer pinions po meshes 
with the inner pinions pi, and In that the ring gear shaft 
Jr is the input shaft connected to the engine output shaft 
Je whereas the carrier shaft Jc is the output shaft con- 
nected to the final reduction mechanism Fin via the re- 
duction gear Rg. 



[Figs. 17A and 17B: Embodiment 17] 

[0060] The difference from the construction of Fig. 
1 5 A resides in that the ring gear shaft Jr is the input shaft 
s connected to the engine output shaft Je via the clutch 

CL. 

[Figs. 18A and 18B: Embodiment 18] 

10 [0061] The difference from the construction of Fig. 
1 6A resides in that the ring gear shaft Jr is the Input shaft 
connected to the engine output shaft Je via the clutch 
CL. 



[0062] The difference from the construction of Fig. 
13A resides in that the carrier shaft Jc is the input shaft 
connected to the engine output shaft Je via the clutch 
20 CL. 

[Figs. 20A and 20B: Embodiment 20] 

[0063] The differences from the construction of Fig. 
25 4A reside in that the ring gear R3 meshes with the inner 
pinions pi of the planetary gear train P2, and in that the 
brake B brakes the ring gear R3. 

[Figs. 21A and 21 B: Embodiment 21] 

30 

[0064] The difference from the construction of Fig. 5A 
resides in that the construction Is provided with the 
brake B for braking the inner rotor shaft Jmi. 



[0065] The differences from the construction of Fig. 
IDA reside in that the clutch CL is omitted and the con- 
struction is provided with the brake B for braking the ring 
40 gear R2 of the planetary gear train P2. 

{Figs. 23A and 23B: Embodiment 23] 

[0066] The difference from the construction of Fig. 
45 21 A resides In that the carrier shaft Jc is the input shaft 
connected to the engine output shaft Je via the clutch 
CL. 

(Figs. 24A and 24B: Embodiment 24] 

50 

[0067] The difference from the construction of Fig. 
22A resides in that the carrier shaft Jc is the input shaft 
connected to the engine output shaft Je via the clutch 
CL. 

55 

[Figs. 25A and 25B: Embodiment 25] 

[0068] The difference from the construction of Fig. 3A 



35 [Figs. 22A and 22B: Embodiment 22] 



50 



55 



IS [Figs. 19A and 19B: Embodiment 19] 
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resides in that the construction is provided with the 
brake B for braking the carrier shaft Jc which is the input 
shaft. 

[0069] The Inventions supported by the above-men- 
tioned embodinnents are as follows: 
[0070] In the first Invention, there is provided the driv- 
etrain including the differential mechanism having four 
or more input/output elements arrayed on the alignment 
chart. The input from the engine is assigned to one of 
two elements of the elements arrayed on the inner side 
whereas the output to output shaft is assigned to the 
other, the motor-generators are connected to the two el- 
ements arrayed on the two outer sides of the inner ele- 
ments. 

[0071] In the second invention, the differential mech- 
anism is constructed of the planetary gear mechanism. 
[0072] I n the third invention , the planetary gear mech- 
anism includes the single-pinion type first planetary gear 
train and the double-pinion type second planetary gear 
train, any two elements -of the sun gears, carriers and 
ring gears are shared to construct the two-freedom-de- 
gree, four-element differential mechanism. 
[0073] In the fourth Invention, of the two motor-gen- 
erators of the first invention, one connected to the ele- 
ment closer to the element assigned to the output shaft 
is rotated at a higher speed than the other motor-gen- 
erator. 

[0074] In the fifth Invention, the two motor-generators 
of the first invention are constructed by inner and outer 
rotors arranged coaxially. 

[0075] In the sixth invention, the inner one of the two 
rotors of the fifth invention is rotated at a higher speed 
than the outer one. 

[0076] In the seventh invention, the motor-generators 
of the fifth invention having the inner and outer rotors 
are arranged between the planetary gear mechanism 
and the engine, and the outer rotor shaft of the motor- 
generators is folded back on the engine side and Is con- 
nected to one element of the planetary gear mechanism 
through the hollow inner rotor shaft. 
[0077] In the eighth invention, the differential mecha- 
nism of the second invention is connected through the 
reduction gear to the drive shaft arranged in parallel with 
the planetary gear mechanism, to construct the drive- 
train of the front-wheel drive vehicle. 
[0078] In the ninth Invention, the rotation transmission 
mechanism is disposed in the coupling portion of the el- 
ement of the differential mechanism of the first Inven- 
tion. 

[0079] In the tenth invention, the reverse rotation pre- 
venting mechanism is connected to the engine of the 
first invention. 

[0080] According to the first and subsequent inven- 
tions, the motor-generator is connected to the element 
which is positioned on the outer side of the element con- 
nected to the engine or the output shaft on the alignment 
chart of the differential mechanism having four or more 
elemerits. The ratio, as shared by the motor-generator. 



of the energy to be transmitted from the engine to the 
output shaft can be reduced. The size of the motor-gen- 
erator is reduced accordingly and the transmission effi- 
ciency of the drivetrain is enhanced. This point will be 
5 described in detail with reference to the alignment chart, 
as follows. 

[0081] Figs. 26A-26D present a construction and 
alignment charts of the differential mechanism of four 
elements. Although the differential mechanism can be 

10 realized by various mechanisms, here will be represent- 
atively described the differential mechanism which is 
constructed, as shown, by combining a singfe-pinion 
type first planetary gear train PI and a double-pinion 
type second planetary gear train P2. 

15 [0082] In Fig. 26A, reference letter S designates the 
sun gear. C the planetary carrier (as will be shortly called 
the "carrier^), and R the ring gear. The suffix numeral 1 
designates the components of the first planetary gear 
train PI, and the suffix numeral 2 designates the com- 

^ ponents of the second planetary gear train P2. Here, the 
second planetary gear train P2 is conveniently illustrat- 
ed on its structure in diagrams exploded in a section ex- 
tending through two pinion shafts. 
[0083] Now, if the sun gear and the ring gear have re- 

25 spective tooth numbers of Za and Zr and if the sun gear, 
the carrier and the ring gear have respective rotation 
speeds of A/a, Nc and Nr, the individual rotation speeds 
are expressed in the following relations (1) for the first 
planetary gear train P1 and (2) for the second planetary 

30 gear train P2: 

(Zr 4- Za)'Nc = Zr /Vr + Za Na (1 ), 

35 and 

(Zr-Za)'Nc = Zr-Nr - Za Na (2), 

40 [0084] Figs. 26B and 26C illustrate the relations of 
Formulas (1 ) and (2) respectively. If the tooth number is 
distributed on an abscissa and if the rotation speed of 
each element is expressed on an ordinate at a point dis- 
tributed at a tooth number ratio, the rotation speeds of 

45 the elements always take linear relations proportional to 
the tooth ratio. In this planetary gear train of the three 
elements, where the motor-generator, the engine, the 
motor-generator for driving the drive shaft are connect- 
ed to the each elements, the energy supported by the 

50 motor-generators increases and has an adverse effect 
on transmission efficiency, because of the limitation on 
the relationship between the speed ratio between the 
engine and the output shaft and the rotation speeds of 
the two motor-generators. 

55 ' [0085] On the other hand, if two sets of planetary gear 
trains are combined by sharing the ring gear R1 and the 
canrier CI of the first planetary gear train P1 with the 
ring gear R2 and the carrier C2 of the second planetary 
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gear train P2, as illustrated, the elements to be connect- 
ed to the input/output sides are four the sun gear SI of 
the first planetary gear train PI . the sun gear S2 of the 
second planetary gear train P2. and the carrier C (CI 
and C2) and the ring gear R (R1 and R2) shared be- 
tween the planetary gear trains. An alignment chart of 
this case is shown in Fig. 26D. This composite planetary 
gear mechanism is known as a Ravlneaux planetary 
gear train. This composite planetary gear mechanism 
has four elements and two degrees of freedom. That ts» 
if the rotation speeds of any two elements are deter- 
mined, the rotation speeds of the remaining two ele- 
ments are determined. 

[0086] If the input from the engine and the output to 
the output shaft are assigned to any two of the four el- 
ements and if the motor-generators are connected to the 
remaining two elements, there are many combinations 
of the speeds of the two motor-generators which 
achieves a certain speed ratio between the input rota- 
tion speed and output rotation speed. From these com- 
binations, therefore, there can be selected the combi- 
nation which can minimize the power supported by the 
motor-generators. 

[0087] Especially in the present invention, an input In 
from the engine and an output Out to the output shaft 
are assigned to the two elements on the inner side in 
the alignment chart of Fig. 26D, and motor-generators 
MGi and MGo are individually connected to the two el- 
ements on the outer sides. Therefore, the torque sup- 
ported by the motor-generator with respect to the engine 
output, that is, the energy passing through the motor- 
generators can be lower and consequently improves the 
transmission efficiency of drivetrain. 
[0088] Fig. 27 illustrates relations between the speed 
ratio between the engine and the output shaft and the 
ratio of the output (as will be called the "output sharing 
ratio") passing through the motor-generators MGi and 
MGo to the engine output under the balanced condition 
of the input/output between the motor-generators MGi 
and MGo. In the region of a speed ratio of 0.4 to 2.0 (or 
a reduction ratio of 2.5 to 0.5). as illustrated, the output 
sharing ratio of the motor-generators MGI and MGo is 
suppressed within about 30% of the output generated 
by the engine. 

[0089] Fig. 28 Illustrates relations between the output 
sharing ratio of the motor generators and the vehicle 
speed of the case where the aforementioned construc- 
tion is applied to the hybrid vehicle. The "PRESENT IN- 
VENTION (1)" and the "PRESENT INVENTION (2)" In 
Fig. 28 are different from each other only in the settings 
of the final reduction ratio of the vehicle, and the drive 
can be made in most vehicle speed ranges in either case 
at the output sharing ratio of 30 % or less of the motor- 
generators. 

[0090] From these figures, according to the present 
invention, it is found that motor-generators of a lower 
output can be applied and a higher transmission effi- 
ciency can be achieved than the related art where the 



present invention is not applied. The letters SHV in Fig. 
28 designate the case of a series hybrid vehicle, which 
is always given an output sharing ratio of 1 because the 
engine output is wholly used for driving the generator. 

5 [0091] In the drivetrain accordingto the present inven- 
tion, the output share of the motor-generators can be 
decreased by setting the motor-generators at as a high 
rotation speed as possible (i.e., by enlarging the length 
between the motor-generators and the input/output on 

10 the alignment chart), and the efficiency can be en- 
hanced by rotating the motor-generator closer to the el- 
ement connected to the output shaft, at a high speed. 
[0092] Moreover, the two motor-generators can be 
downsized by arranging the Inner and outer rotors co- 

is axially, and the output share of the motor-generator can 
be optimized by setting the inner rotor to rotate at a high- 
er speed. Moreover, the motor-generators having the in- 
ner and outer rotors are arranged between the planetary 
gear mechanism and the engine, and the outer rotor 

^ shaft of the motor-generator is folded back on the engine 
side and is connected to one element of the planetary 
gear mechanism through a hollow inner rotor shaft. With 
this construction, therefore, the motor-generators can 
be arranged at a position closer to the engine thereby 

25 to decrease vibrations. 

[0093] The engine, the motor-generators and the 
planetary gear mechanism can be coaxially arranged. 
The drive shaft arranged in parallel with the planetary 
gear mechanism can be connected through the reduc- 

30 tion mechanism to construct a compact drivetrain suit- 
able 

[0094] Each elements of the planetary gear mecha- 
nism composing the differential mechanism according 
to the present invention can be constructed such that 
35 the engine or the output shaft is connected to them ei- 
ther directly or through a rotation transmitting mecha- 
nism such as a reduction gear or clutch. 
[0095] Since the reverse torque may be inputted to 
the engine in a certain running state of the two motor- 
ic generators. It is, therefore, desirable that the engine is 
provided with a reverse rotation preventing mechanism 
such as a one-way clutch. 

[0096] The entire contents of Japanese Patent Appli- 
cation P2001-221222 (filed July 23, 2001) are incorpo- 

^5 rated herein by reference. 

[0097] Although the invention has been described 
above by reference to a certain embodiment of the in- 
vention, the invention is not limited to the embodiment 
described above. Modifications and variations of the 

so embodiments described above will occur to those skilled 
in the ari, in the light of the above teachings. The scope 
of the invention is defined with reference to the following 
claims. 
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Claims 

1 . A drivetrain for transmitting driving force from an en- 
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gine (Eg) to a drive shaft (Drv) of a vehicle, com- 
prising: 

a composite planetary gear mecfianism (PI, 
P2) including first to fourth rotational-elements 
arrayed on an alignment chart, the first rotation- 
al element being connected to an output shaft 
of the engine and the second rotational element 
being connected to the drive shaft, 
a first motor-generator (MGi) connected to the 
third rotational element, and 
a second motor-generator (MGo) connected to 
the fourth rotational element, the second mo- 
tor-generator being arranged coaxially with the 
first motor-generator. 

2. A drivetrain according to claim 1 , wherein: 

the first molor-generator (MGi) is constructed 
by a stator and a rotor arranged inside the sta- 
tor, and 

the second motor-generator (MGo) is con- 
structed by the stator and a rotor arranged out- 
side the stator. 

3. A drivetrain according to claim 2, wherein a rotation 
speed of the first motor-generator (MGi) is higher 
than a rotation speed of the second motor-genera- 
tor (MGo). 

4. A drivetrain according to claim 2, whereiri: 

the planetary gear mechanism (P1, 92) is ar- 
ranged between the engine (Eg) and the two 
motor-generators (MGi, MGo), and 
a rotor shaft of the first motor-generator (MGi) 
is arranged through a hollow rotor shaft of the 
second motor-generator (MGo). 

5. A drivetrain according to claim 2, wherein: 

the planetary gear mechanism (P1 , P2) is ar- 
ranged between the engine (Eg) and the two 
motor-generators (MGi, MGo), and 
a rotor shaft of the second motor-generator 
(MGo) is arranged through a hollow rotor shaft 
of the first motor-generator (MGi). 

6. A drivetrain according to claim 2, wherein: 

the two motor-generators (MGi, MGo) are ar- 
ranged between the engine (Eg) and the plan- 
etary gear mechanism (PI , P2), and 
a rotor shaft of the second motor-generator 
(MGo) is arranged through a hollow rotor shaft 
of the first motor-generator (MGi). 
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the rotor shaft of the second motor-generator 
(MGo) is hollow, and 

the output shaft of the engine (Eg) is arranged 
through the hollow rotation shaft of the second 
motor-generator (MGo). 

8. A drivetrain according to claim 1 . wherein: 

a distance on the alignment chart between the 
second rotational element and the third rota- 
tional element is shorter than a distance on the 
alignment chart between the second rotational 
element and the fourth rotational element, and 
a rotation speed of the first motor-generator 
(MGi) is higher than a rotation speed of the sec- 
ond motor-generator (MGo). 

9. A drivetrain according to claim 1 . further comprising 
a dutch (CL) interposed between the output shaft 
of the engine (Eg) and the first rotational element. 



1 0. A drivetrain according to claim 1 , further comprising 
a reverse rotation preventing mechanism (CLo) for 
preventing the first rotational element from rotating 
25 in reverse direction. 
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7. A drivetrain according to claim 6, wherein: 



BNSDOCID: <EP 1279S4SA2_L> 



EP 1 279 545 A2 





BNSOOCID: <EP 1279545A2_L» 



9 



EP 1 279 545 A2 




BNSOOCID: <EP 127054SAa_U 



10 



EP 1 279 545 A2 



Jr. 



12 PI 



5 



Rg- 



U~P^ MGo 



^ Jmi 



FIG. 3A 



Jmov 



-MGi 



CLo 



ENGINE 



Eg 



J 



□ 
Ha 



Drv 



0 

S2 



rMAX 



REV 

MGo Out I n 



SI 



MGi 



r/^. 3B 



BNSDOCID: <EP 127G545A2J.> 



11 



EP 1 279 545 A2 




FIG. 4B 



EP 1 279 545 A2 




REV 



MGi Out In MGo 

FIG. 5B 



BNSDOCID: <EP t278546A2_L> 



13 



BP 1 279 545 A2 




BNSOCX:iD: <EP I278545A2J > 



14 



EP 1 279 545 A2 




BNSDCXID: <EP 1279S45A2_I_> 



EP 1 279 545 A2 



Rmo 1^ Sso, 9^ 



Ss i 



MGi 



Rmi 
Cm — 



MGo 



Hm 



FIG. 8A 



ri- P2 



Jc 



Jmi^ Jmo-^ ^ $2 



SI 



X 



CL 



CLo 



Jr 



Drv 



0 
SI 







-MAX 










^REV 


t — 1 

S2 



MG i Out 

FI G, 8B 



In 



MGo 



16 



BNSDOCIO: <EP 1270646A2J_>. 



EP 1 279 545 A2 




FIG. 9A 



FIG. 9B 



BNSDOCID: <EP 127654fiA2_l.> 



17 



EP 1 279 545 A2 



MGi 




FIG. 10A 



REV 




MGo 



MGi 



FIG. 10B 



BNSDCDCID: «EP 1270645A2J_> 



18 



EP 1 279 545 A2 



P2 

Rm o ^ Sso^ I PI 

I I i \i ; R2J- i 



He 



MGi 




F/& 11 A 



ENGINE 



Eg 




MGo 

FIG. 11B 



MGi 



BNSOOCID: <EP 1278546A2J„> 



19 



EP 1 279 545 A2 



Rmo 



MGo 
Ssi 



Jmi 



MGi 



Rmo 
Cm — ' 



Hm 



Sso, Ct 



P2 



He 




p2_p1 =t^R 



T 



Jmo 



'Js2 



CL 



Jsl 



Je 



.S2 



S1« .^1 

CLo 



ENGINE 



Eg 



it 



Jc 



Fin 



Rg 



FIG. 12A 



Drv 




BNSOOCID: <EP 127954SA2J_> 



20 



EP 1 279 545 A2 



P2 PI 




WIGi Out MGo 



FIG. 13B 



BNSOOCID: <EP 1279S*&A2_I_> 



21 



EP 1 279 545 A2 




BNSOCCIO: <EP 1279545A2_L> 



22 



BP 1 279 545 A2 



He, 



P2 

Rmo^ Sso Ct R3 . 



Ssi 



Jmo 



MGi — ►^JtC 
Rmi 

Cm - 

MGo — • 



-Jsl 



-S2 



Hm 



Rg 



F/G. 15A 



-Js2 = 



SI 



CLo 



/jrl 



Je 



^1 



,Ha 



Drv 



ENGINE 

T~ 

Eg 



0 

S2 



START 


^MAX 












R3 ^RE\r^^ 


1 


n Out 





SI 



MGi 

FIG. 15B 



MGo 



BNSOCXID: <EP 1279545A2J_> 



23 



EP 1 279 545 A2 



Rmo 



Sso 



MGi 




FIG. 16A 



-START 



SI 




In Out 



MGi 



MGo 



FIG. 16B 



BNSOOCID: <EP l27e545A2J_> 



24 



EP 1 279 545 A2 





I27954SA2J_> 



25 



EP 1 279 545 A2 



Rmo 



MGo 
Ssi 



Sso 



MGi- 



Rtni 
Cm 



P2 PI 
i I 



^ /Jitio"R -p 

/-Jmi 



"X + 



Hm 



Rg" 



SI 



CLo 



Je 



FIG. ISA 



Jr 



ENGINE 



Eg 



CL 



Fin 



Drv 




In Out 



MGi 



MGo 



FIG. 18B 



BNSDOCID: <EP 1 279545A2J_> 



26 



EP 1 279 545 A2 




BNSOOCtD: <EP 1270S4SA2_L> 



27 



EP 1 279 545 A2 




FIG. 20A 




EP 1 279 545 A2 



Rmo 1^ Sso 9* 



Ssi 



MGi 
Rmi 

Cm" 
MGo' 



Hm 



FIG. 21A 



St I PI 



TS2-,- 



Re 



JL 



Jc 



7^. 



CLo 



ENGINE 



Eg 



Drv 



MGi 



Out In 



START 




MGo 



F/G. 21B 



BNSOOCIO: <EP 1270545A2J_> 



29 



EP 1 279 545 A2 




127954SA2J_> 



30 



EP 1 279 545 A2 



Rmo 



P2 



Ssi 



Hm 



FIG. 23A 



Sso Ct I PI 



1/ 



m /Jmi ^Jmo » 



SI 



CLo 



Jc 



D 

Je 



CL 




Eg 



Drv 



B 
SI 





/■MAX 


/START 




— f 





^REV 



32 



MG i Out I n 

FIG. 23B 



MGo 



BNSOOCIO; <EP 1279545A2^l_> 



31 



•0 



EP 1 279 545 A2 




FIG. 24A 




MGo 



MGi 



FIG. 24B 



BNSDCXJID: <EP 127954SA2_L> 



32 



EP 1 279 545 A2 




33 



BNSDOCrO: <EP 127954SAa«L> 



EP 1 279 545 A2 




FIG. 26D 



34 



127B54SA2J_: 



EP 1 279 545 A2 




1/i 



SPEED RATIO 

FIG. 27 



BNSOOCID: <EP 127954SA2J.9> 



35 



EP 1 279 545 A2 




►HIGH 

VEHICLE SPEED 



FIG. 28 



BN50OCI0: <EP 1279645A2J.> 



36 



(19) 




Europdisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(11) EP 1 279 545 A3 

EUROPEAN PATENT APPLICATION 



(88) Date of publication A3: 

12.11^003 Bulletin 2003/46 

(43) Date of publication A2: 

29.01J2a03 Bulletin 2003/05 

(21) Application number: 02016510.6 

(22) Date of filing: 23.07.2002 



(51) intci7: B60K 6/04, F16H 3/72, 
H02K 57/00 



(84) Designated Contracting States: 


(72) Inventors: 


AT BE BG OH CY CZ DE DK EE ES Fl FR GB GR 


• Nakano. Masaki 


IE IT LI LU MC NL PT SE SK TR 


Yokohama-shi, Kanagawa (JP) 


Designated Extension States: 


• Oshidari, Toshikazu 


AL LT LV MK RO SI 


Yokosuka^shi, Kanagawa (JP) 




• Kargar, Keyvan 


(30) Priority: 23.07.2001 JP 2001221222 


78000 Versailles (FR) 




• Poupon, Joel 


(71) Applicants: 


75015 Paris. (FR) 


• NISSAN MOTOR CO., LTD. 




Yokohama-Shi Kanagawa-ken (JP) 


(74) Representative: Griinecker, KInkeldey, 


• Renault S. A. 


Stockmair & Schwanhausser Anwaltssozietat 


92513 Boulogne Billancourt Cedex (FR) 


Maximilianstrasse 58 




80538 Munchen (DE) 



(54) Hybrid drivetrain for a vehicle 

(57) A four-element, two-freedom-degree planetary 
gear mechanism is constructed by arraying four input/ 
output elements of a sun gear SI , a ring gear R, acarrier 
C and a sun gear S2 in an alignment chart. One of the 
two elements R and C arrayed on the inner side is as- 
signed to the input In from an engine whereas the other 



is assigned to the output Out to the drive shaft, and the 
two outer elements 81 and S2 are connected to motor- 
generators MGi and MGo respectively. As a result, the 
torque supported by the motor-generators can be made 
lower than the engine output, and the energy passing 
through the motor-generators is made lower to improve 
the transmission efficiency of the drivetrain. 



CO 
< 

in 
o> 

CM 



LU 




FIG. 1A 



Printed by Jouvo. 7B001 PARIS (FR) 



BNSOCXSIO: <EP 127e545A3 I > 



EP 1 279 545 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



AppUeatlon Number 

EP 02 01 6510 



DOCUMENTS CONSIDERED TO BE RELEVANT 




Category 


Citation of document with IrMjication. where appropriate, 
of relevant passages 


R^evant 
to claim 


CLASStFICATIOM OF THE 
APPLICATION (tntCLT) 


X 

y 


DE 199 09 424 A (TENBER6E PETER) 
24 August 2000 (2000-08-24) 
♦ abstract; figures * 


1,9 

2-5 


B60)C6/04 
F16H3/72 
H02K 57/00 


X 
Y 


US 1 515 321 A (HALL HARRY Y ET AL) 
11 November 1924 (1924-11-11) 
* abstract; figure 1 * 


1,10 
2.6,7 




Y 


EP 1 092 583 A (RENAULT) 
18 April 2001 (2001-04-18) 

* abstract; figures * 

* column 2, Una 2 - line 10 * 


2-7 




X 


WO 00 32433 A (HITACHI LTO ;MOR0OKA YASUO 
(JP); AMANO MASAHIKO (JP); HANIU TOMOYU) 
8 June 2000 (2000-06-08) 

* abstract; figures * 

& EP 1 142 744 A (HITACHI LTO) 
10 October 2001 (2001-10-10) 

* abstract; figures 5,9-11,19-21 « 

* paragraphs * 0035 1 ,* 0036! * 


1.8 
1.8 








TECHNICAL FIELDS 
SEARCHED (InLCL?) 


X 


US 3 861 484 A (JOSLIN KENNETH E) 
21 January 1975 (1975-01-21) 
* abstract; figure 2 * 


1 


B60K 


A 


US 6 049 152 A (NAKANO MASAKI) 
11 April 2000 (2000-04-11) 
* abstract; figure 3 * 


1.2 




The present search report has been drawn up tor an claims 







THE HAGUE 



D«(a of ecmpietion oi su Msicti 

24 September 2003 



Wagner, H 



CATITGOnY OF CrTED OOCUMENTS 

X : panicutarly reiovani il taken alono 

Y : panicutarly relevant it oorr^bined with artother 

documem ol the same category 
A : lechnotoQical badogrounti 
O : twn-wr(nen disclosure 
P : inienne<«aie tJocumer^ 



T : ihAOfy or principle underlying the faweRiion 
E : eaitler patent document, but pttfilished on. or 

after the fiing date 
D : document cited In ttie appHcation 
L : documem cited lor other leosons 

a member of the same patent family, corresponding 
document 



2 



BNSOOCIO: <EP 1279545A3J_> 



EP 1 279 545 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 02 01 6510 



This annex fists the patent family membersreiating to the patent ctocumenis cited in the above- menijoned European search report. 
The members are as contained in the European Patent Olfice EDP file on 

The European Patent Office is in no wayOabie for these parllculars which are merely ghren for the purpose of information. 

24-09-2003 



Patent document 
cited in search report 



PubDcatlon 
date 



Patent family 
member(s) 



Publication 
date 



g 

uj For more details about this annex : see Official Jourrta) of the European Patent Office. No. 12/82 



DE 


19909424 


A 


24-08-2000 


OE 


19909424 Al 


24-08-2000 


US 


1515321 


A 


11-11-1924 


NONE 






EP 


1092583 


A 


18-04-2001 


FR 


2799418 Al 


13-04-2001 










EP 


1092583 Al 


18-04-2001 


WO 0032433 


A 


08-06-2000 


EP 


1142744 Al 


10-10-2001 










WO 


0032433 Al 


08-06-2000 










US 


2002036106 Al 


28-03-2002 


US 


3861484 


A 


21-01-1975 


NONE 






US 


6049152 


A 


11-04-2000 


JP 


11275826 A 


08-10-1999 










JP 


11275828 A 


08-10-1999 










JP 


11356015 A 


24-12-1999 










EP 


0945963 A2 


29-09-1999 










JP 


11341758 A 


10-12-1999 



3 



8NSDOCID: <EP 1279545A3J_> 



